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Abstract, The backcross breeding procedure baa been used widely to transfer simply Inherited traits Into elite genotypes. 
Genetic markers can Increase die effective oess of backcxoising by 1) increasing the probability of obtaining a suitable 
conversion, and 2) decreasing the tfnic required to achle? e «n acceptable recovery, Simulation and field results indicated 
that, for a genome consisting of to * 20O-cM chromosomes, basing selection on 46 or 80 mark ere hi 50 BC Individuals that 
carry the allele being transferred can reduce the number of backcross generations needed from about seven to three 



The backcros« breeding procedure has been xised widely 
to transfer simply inherited traits into elite genotypes. 
Usually, the tralc being transferred is controlled by a 
single gene, but highly heritable traits; mat arc more complexly 
inherited have also been transferred s uccess fully by bflckcroK- 
ing; for example, maturity in maize (Rlnte and Sent*, 1961; 
Shaver, 1976). Today, baekcxossinff is being used to transfer 
geecs introduced by ftuch techniques ?t tnwrfonuatloa or 
mutation Into appropriate eermplasia. 

Several plant breeding textbooks give good description* of 
Bab hackcrosj procedure (AUard, I960; Fohr, 1987). A donor 
parent (DP) carrying a trail of Imrrcst ii crossed m the recurrent 
parent (&P) t an clita line that la racking the trail. The F, Is 
Crossed back Co die RP to produce ihc BC, generation. In the 
BC, and subsequent hackcross geacraaoi^ selected Individu- 
als carrying the gene being transferred ate b*ckciocsed to die 
Rf\ The expected proportion of Dp geaoma is reduced by half 
wjth each generation of bar kcro«lng. Ignoring e/feo? of link- 
age to the selected DP allele being transferred, the percentage 
recurrent parent (%KP) genome expected in each backaoss 
generation is catenated 

%RP«>10O[l-<0.5r>] 

where n is. the number of backer oases. 

Bockci'assjflg of selected plants ta the RP can be repeated 
each cycle undl a tine is obtained ihaiU essentially aversion of 
the HP (hat include! the Introgressed allele. After six bsck- 
croises. the expected recovery ls>999S» CTablo 0- 

Until recently, discussion^ of the recovery of thcRP tcnornc 
during backcrosiing have cmpharized the expected value* for 



%KP shown in Table 1, and hive largely ignored ihe genetic 
variadon for %RP that exists around the expected mean. With 
die development of genetic markers capable of providing good 
genome coverage, chert has been Interest In taking advantage of 
thai variation to increase the efficiency of backcrossing. 

Selection for RP marker alleles can increase grearly [ha 
effectiveness of backcross programs by allowing the breeder to ■ 
1) select backcross plants that have a higher proportion of RP 
genome*, and 2) select backcross Individuals that tire better 
conversions near a mapped donor allele being transferred (i.e,, 
select for less linkage drag). Expressed in practical terms, using 
genetic markers to assist bickcrosslng can 1) Inert ace ths 
probability of obtaining a suitable conversion, end 2) decrease 
the time required to achieve an acceptable recovery, 

Issues to consider when planning a marker- assisted back- 
cross program Include t) the time advantage of using markers 
to assist baekero 3 *lng. 2} the number of markers needed, and 3) 
the number of genotypes to evaluate. In this report, «»c use 
results from previous literature, computer simulation, and em- 
pirical studies to provide some guidelines. 

T>blt I, &pwt*d recovery of rctkmnt portni (Rr) gitwn* during 
bdckcrcsiirtg. arrurtilrtj no lln*4gt ta ifia rvu btiAf irtuuftmd. 
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and methods 

The mal2a genome was the model for the simulation. The 
, t ijnu laced genome co niaUiedien 20O-cM chromosomes. Simu- 
lation of crossing over was based on a Poisson distribution with 
$ mean of 2.0 (X » 2) (Haoson, 1959), ^hJch, on overage, 
generated one crosa over for cvciy 100-cM length. The aitnwla- 
rions reported here assume no interferenca- CodoTTiinant ge- 
netic markers were evenly distributed in the genome arid sites 
of the donor gene were randomly assigned to genome locations. 
Simulations were eonducredwich the fa I Jo wing par am cters; 

Number of progeny; 100 or 500- 

Bacfccrois generations; BC |f BC^. and BC r 

Number of marker*: 20, 40, 80. or 100. 

Number seteeted to form the next BC generation! 1 or 5, 

Selection waa baaed an I) presence of the donor allele and 1) 
high %RF). %RP was calculated as the average of the (one or 
five) selected iadivid uaJs. Values pr esenrad arc the mean of 50 
' "umulotions. 

' '.Remits 

In the computer simulation study, alj methods modeled 
; greaily increased the speed of recover! n£ the RP gcoome 
, compared to the expected recovery with no marker- assisted 
selection (compare Tables 1 and 1), Aile^t 80 markers were 
. required to recover 99% of Ihe RP genome in jusi three BC 
generations (Table Z). U*» of at least 80 markers and 500 
progeny allowed recovery of 9B% RP in Just two BC genera- 
tions. R^apoiue to selection was diminished only slightly by 
spreading the effort over five selections. Using markers, the 
number ofbackcross generation s needed to convert an Inbred is 



reduced from about Seven to three. 

By the BC, aenertUon. there appears \o be no praclieal 
advantage to using 500 v$. 100 individual*. If the presence of 
the donor nan In the backcross individuals can be ascertained 
before markerj Ve genotype^ then only half the number of 
individuals indicated In the rabies will need to be analyzed. 

When i small number of markers arc used, they quickly 
became nort-infonnativo; i.e., selection cause* ihe marker loci 
to became fixed for the RP type before the rctt of the C cnome 
Is fully converted (Tabic 3; Hospital «al, i992).Th*«tuidon 
was most prominent in the larger populations, where a higher 
selection intensity placed more selection pressure upcn°thc 
marker loci. Accordingly, it is of interest to Consider how 
cloaely the estimation of %RP based on markers reflect die 
actual genome composition. The combination of estimation of 
%RF bused 00 fewer markers and subsequemseleciion tends to 
bias the estimates upward (compare Tables 2 ,ind 3). 

The results from the simulation compare well with i real field 
data, fn a typical example. 50B C, plants carry in g the gone tain g 
transferred were genotyped ai 83 polymorphic RFLP loci (note 
that this corresponds to a population size of 100 unielacted 
pjanfcr in Tables 2 and 3). The five best BC recoveries had 
estimated %RP values of SS.99&, S2.7%, 82.0%, 81.4%, ami 
51.2%. After evttuating \ OBC^plaatS from each selected BC . 
the best BC^ recovery had an estimated %RP or 94.6%. ' 

Discussion 

The simulations (Table 2; Hospital et ai., 1992) and cur 
ejtperlenccindlcatethat four markers per 200-cM chromosome 
is adequate to greatly incrcasa Qie effectiveness of selection in 
the BC,. Ho*ever\ using only four markers per 200 cM will 
likely make it very difficult to map the location of the g*r ie of 
interest, Adequate -Sumirinrizntjon of the data ic aji important 



Table 2* Percent recurrent parent £tfititn* durinr markiraisistcd ^dctc/ruxvig. 
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: pan of a morkcr-aMMted backcros* prosram .Idoaily, iha*nark. 
jxs used caa a uppjy data that can be represented as Oleics oflori 

' fith known map position. Estimation of ftRP. mapping the 
pOiirion of the locus of interest, and graphical display of die 
results (Young and Tankslcy, arc all uwful in under- 
juanding ond controlling the lpccffic backer*** experiment 
being conducted. 
It appears that, with the use of genetic markers, the portion 

. of the K? genome thai Is not linked to the allele being trans- 

* ferrcd can be recovered quickly and with confidence. The 
recovery of RP vyill be slower on the chr omoaome carrying the 

\geno of interest. A considerable amount of linkage drag is 
expected to accompany selection for the fcp allele in a back- 

. >crosi program. For a locus located in the middle of a 200<M 
chromosome, the length of the DP chromosome segment ac- 

, cflrnpanying selection is expected to be 126, 6*3, aAd 2g cM in 

* the BC . BC Jt and BC, generations, respecu'vely CHanson, 

* j059;KnvciraaAdBarbadina» J 952). Our observations support 
the recommendation of Hospital et a!. (1992) thai preference be 

/given to the selection for recombinants pfoaimaJ to the aUale of 
/.interest, but thai selection for recovery of the RP elsewhere in 
tec genome aJso be considered- This, two-stage selection can 
probably he donequite effectively ad hoc by the breeder once 
; the data is adequately summarized; however. Hospital ct al 



suggest ways to Incorporate the two criteria Into a selection 
index such that each component of selection Is assured rooro- 
pdatD weighting, w 

Useof genetic markcrscan greatly increase the effectiveness 
of backcrossing, and they should be used in any serious back- 
crosjinj program if resources are available to the breeder. 
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